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tive, integrated, and multidisciplinary systemic approach 
to improve environmental, social, and economic aspects 
(Wang et al., 2016) and preserve and restoring ecosystems 
(CCME 2016). This holistic approach includes establishing 
legal, administrative, and technical measures (Kostadinov 
2008; Borisavljević  and Kostadinov 2012). Kostadinov 
(2008) explains an integrated watershed management sys-
tem as an interdisciplinary approach that includes biologi-
cal measures (afforestation, grassing, orchard raising, land 
reclamation, etc.), land management measures to improve 
and stabilize vegetation cover in all endangered areas, tech-
nical measures, and works or constructions in torrent beds 
(Blinkov et al., 2013).
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methods) creates a protective vegetation cover that protects 
the soil from the degradation process (Durán and Rodríguez, 
2008). The positive effects of biological works are not evident 
immediately after construction because vegetation cover re-
quires a more extended period to establish an assembly that 





tation (vegetation conditions) can be determined based on 
the analysis of satellite images and the corresponding veg-
etation indices (Campbell and Wynne, 2011). This method 
offers a faster and economical solution for analyzing the 
vegetation condition in the researched area. The remote 
sensing method enables the observation of vegetation in 
different scales from local (Xiao et al., 2017) to global (Ne-
mani et al., 1996; Wu et al., 2014; Richards and Belcher, 
2019), and such data are used in studies of vegetation 
change induced by climate change (An et al., 2018), anthro-
pogenic or some other impact (Kumari et al., 2020). In this 
way, it is possible to determine potential areas for affores-
tation (Bhagat, 2009), monitor the carbon cycle in nature 
(Xiao et al., 2019), forest health (Barka et al. 2018), or the 
























the construction of various facilities in the riverbed (dams 
and floodgates), while  the administrative measures  in-
cluded multiple types of restrictions on activities that influ-
enced the development of erosion processes (grazing ban, 
ban on cutting leaves). Biological works have enabled the 
establishment of vegetation cover able to protect the soil 
from erosion processes, while administrative measures have 
raised the awareness of local people of the importance of 





from 1972, 1986, 1996 to 2017.
MATERIALS AND METHODS
MATERIJALI I METODE
Research area – Područje istraživanja 
The area of Grdelica Gorge and Vranje Valley is situated in 




Figure 1. Research area
Slika 1. Područje istraživanja
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This area belongs to the upper basin of the South Morava. 







sists of crystalline shales, micashists, gneisses, chloritoshists, 
quartz shales, phyllite, etc. (Kostadinov et al., 2018). 
Grdelica Gorge and Vranjska Valley are characterized by a 








sistant geological substrates, making this area sensitive to 
erosion processes. According to the potential vegetation 
map (1986), characteristic vegetation communities of this 
area are Turkey oak and Hungarian oak (Quercetum frai-
netto-cerris) and Montane beech forest (Fagetum moesiacae 
montanum). In the valley of South Morava River, the fore-





introduced (black and white pine (Pinus nigra and Pinus 
strobus), black locust (Robinia pseudoacacia), Turkish hazel 






vegetation cover as the essential component of soil erosion 
protection. NDVI is one of the most used vegetation indices 
(Jiang et al., 2006), which is determined using the near-in-






























from 1972, and the best images for October in that year. 
Since the recording in 1972 is essential as a zero point, the 
other recordings were taken for October for an accurate 




















Table 1. NDVI classification for vegetation cover (Aquino et al., 2017)










0 < NDVI ≤ 0.2
Low 
Niska
0.2 < NDVI ≤ 0.4
Moderately low 
Umjereno niska
0.4 < NDVI ≤ 0.6
Moderately high 
Umjereno visoka
0.6 < NDVI ≤ 0.8
High 
Visoka
0.8 < NDVI ≤ 1.0
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apparent after a longer period. Due to the gradual and slow 



































30 %). After  the performed biological works,  there  is  a 
change in the extent of vegetation cover. More precisely, with 
the formation of vegetation cover, the classes of lower cov-
erage pass over time into higher coverage classes. In 2017, 
Figure 2. Changes NDVI index values during the studied period
Slika 2. Promjene vegetacijskog indeksa normalizirane vrijednosti tijekom ispitivanog razdoblja
Figure 3. Representation of excessive and intensive erosion (Braunović 2013)
Slika 3. Rasprostranjenost prekomjerne i jake erozije (Braunović 2013)













creasing the area under vegetation, and at the same time 
decreasing the erosion process. During the time (from the 










al., 2015). The trend of reducing bare land areas, i.e., in-
creasing the area under vegetation cover in  Grdelica Gorge 
and Vranje Valley, is observed from the 1980s until today 












intensity. The state of vegetation cover for 1972, 1986, 1996, 
and 2017 was determined based on the remote sensing data. 









age continues in 1996. Also, in 2017, the most noticeable 
change was compared to previous years, where the largest 
percentage of the area is moderately high and moderately 
Figure 4. Percentage change of vegetation (NDVI)
Slika 4. Postotna promjena vegetacije (NDVI)
Table 2. Percentage of the area affected by erosion processes ex-
pressed by erosion coefficient (Zsr) for 1953, 1970, and 2010. 
(Braunović 2013)
Tablica 2. Postotak područja zahvaćenih erozijskim procesima izraženim 















I Excessive erosion Pretjerana erozija 1.25 28.44 11.37 0.14
II Intensive erosion Intenzivna erozija 0.85 31.45 38.11 0.75




0.30 1.87 13.76 45.21
V Very weak eroison Vrlo slaba erozija 0.10 12.73 26.63 41.30
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low vegetation coverage. According to the obtained results 
of the presented research, it can be concluded that the per-
formed biological works within the integrated watershed 
management of torrent catchments in Grdelica gorge and 
Vranjska valley significantly contributed to the improve-









sponses of vegetation to climate change in the Tibet Plateau using 







































als of vegetation fraction. Remote Sensing of Environment 101, 
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Kako  se pozitivni učinci bioloških  radova mogu primijetiti  tek nakon duljeg  razdoblja,  a  zbog 
postupnog i sporog razvoja zaštitnog vegetacijskog pokrova na snimci 1972. godine, nije moguće 
primijetiti pune učinke radova izvedenih pedesetih godina prošloga stoljeća. Stoga je 1972. godina 
uzeta kao nulto stanje. Sljedeće promatrane godine (1986.) primijećene su promjene u postotnoj ra-
spodjeli područja s višim vrijednostima indeksa NDVI. Na temelju analize NDVI primijećen  je 
značajan porast površina pokrivenih vegetacijom. Trend povećanja površine pod vegetacijom, a ist-
odobno i smanjenja procesa erozije, primijećen je i 1996. godine (slika 4). U usporedbi pokrivenosti 
vegetacije 1996. godine s prethodnim razdobljem (1986.) došlo je do smanjenja površine u nižoj klasi 
i značajno povećanja površine u klasi umjereno niske (oko 30 %). Na kraju proučenog razdoblja 2017. 
godine, najzastupljenija su područja s umjereno niskim, umjereno visokim i visokim pokrivanjem 
vegetacije. Upravo takav trend povećanja površina pod vegetacijom utjecao je na smanjenje erozijskih 
procesa, što potvrđuje činjenica da je koeficijent erozije za 2010. godinu iznosio Zsr = 0,24 (tablica 2).
Prema dobivenim rezultatima provedenih istraživanja, može se zaključiti da su izvedeni biološki ra-
dovi u okviru cjelovitog uređenja bujičnih bazena značajno pridonijeli poboljšanju vegetacijskog stanja 
i prevenciji erozionih procesa te pokazali pozitivan učinak.
